
 
 

 
 

 
REPORT  
International Dialogue on Responsible Research and 
Development of Nanotechnology 
 
Alexandria, Virginia, United States 
17-18 June 2004 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Andrew McMillan, NASA 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Image on Cover Page:  Andrew McMillan, NASA.  A 17 nm genetically engineered protein cage called a 
chaperonin is used to organize nanoparticles into ordered arrays.  In this example, gold arrays are formed 
by first tagging subunits with 1.4 nm nanoparticles and then self-assembling the subunits into the 
characteristic chaperonin ring structure.  Extended ordered arrays can be formed because engineered 
chaperonins readily form two-dimensional crystals.  The ability of the chaperonin to tolerate multiple genetic 
deletions and substitutions allows both the chemical functionality and the size of the pore leading into the 
core of the cage to be engineered.  By tailoring the pore amino acid sequences, extended arrays of 
materials in addition to gold can be formed.  
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EXECUTIVE SUMMARY 
 
On 17-18 June 2004, a group of experts involved with nanotechnology from twenty-five 
countries and the European Union met in their individual capacity for an informal 
dialogue on responsible nanotechnology research and development (R&D).  The meeting 
took place in Alexandria, Virginia, United States.  It was sponsored and convened by the 
National Science Foundation and facilitated by the Meridian Institute.  Participants 
discussed a wide range of topics, and had a chance to discuss several topics in detail 
during breakout group discussions.  The four concurrent breakout group discussions 
focused on: benefits and risks to the environment; benefits and risks to human health and 
safety; the socio-economic and ethical implications of nanotechnology; and the special 
consideration of nanotechnology in developing countries. 
 
The discussions were informal and exploratory in nature and participants covered a broad 
range of topics.  Some of the recurring themes are summarized below. A concrete 
outcome of the International Dialogue was the agreement that a preparatory group should 
be formed to explore possible actions, mechanisms, timing, institutional frameworks, and 
principles for ongoing international dialogue, cooperation and coordination in the area of 
responsible R&D of nanotechnology.  It was proposed that the preparatory group be 
organized around three large regions (North and South America; Europe and Africa; and 
Asia and Oceania), and that it should prepare a draft plan of action for continued dialogue 
and cooperation, as well as a joint declaration and a procedure for its adoption.  Some 
recurring themes during plenary and breakout group discussions included:  
 
• Nanotechnology and Regulatory Responses – Participants discussed and expressed 

divergent views as to whether and to what extent nanotechnology is inherently 
continuous or inherently disruptive.  Those who felt that nanotechnology is inherently 
continuous suggested that current regulatory systems may be adequate to address the 
potential impacts of nanotechnology.  Those who felt that nanotechnology would 
yield novel properties that only become evident at the nanoscale, suggested adoption 
of new, flexible regulatory approaches to quickly respond to developments. 

 
• Governance:  Participants raised broader issues related to the adequacy of existing 

organizations, governance tools, and the need for education of the public sector 
workforce to deal with and address public concerns over a rapidly emerging 
technology at a global scale. 

 
• Nanotechnology Applications and Implications –Participants identified a need for a 

framework to discuss the possible benefits and risks of nanotechnology.  They 
identified a need to differentiate between categories or types of nanotechnology. 

 
• Institutional Mechanisms for Ongoing Dialogue – Participants agreed that there is a 

clear need for ongoing international dialogue, cooperation and coordination in the 
area of responsible R&D of nanotechnology.  They developed a draft set of 
operational terms of reference (outlined on page 22) for the formation of a 
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“preparatory group” to explore possible actions, mechanisms, timing, institutional 
frameworks, and principles for this dialogue and cooperation.   

 
• Intention to Coordinate Activities – Participants called for coordination and sharing of 

information regarding planned activities related to responsible R&D of 
nanotechnology.  Some of the activities mentioned during the meeting include, but 
are not limited to: developing a common nomenclature; developing methodologies for 
risk assessment; exchanging information on human and ecological toxicology studies; 
studying environmental benefits of nanotechnology; and developing education, 
training and public awareness programs. 

 
• Expanding the Dialogue – Even though many participants thought it was appropriate 

to begin these discussions with government representatives, they suggested that the 
discussions should be expanded to include other stakeholders, such as industry and 
civil society organizations, and that it should include the broadest range of countries, 
from the more prosperous to the poorest developing countries. 
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I. INTRODUCTION 
 
Nanotechnology, the study and manipulation of matter on an ultra-small scale, is widely 
perceived as one of the key technologies of the 21st century.  Experts expect that 
nanotechnology will benefit computing and electronics, medicine, materials and 
engineering, and the environment. The potential beneficial applications of 
nanotechnology are numerous, and several products containing manufactured 
nanomaterials have already reached the marketplace.  With the rapid development of the 
underlying science and practical applications, some civil society groups have expressed 
concerns about the potential risks that could be associated with nanotechnology.   
 
The International Dialogue on Responsible Research and Development of 
Nanotechnology (hereafter referred to as the “International Dialogue”) offered the first 
opportunity for government representatives and other stakeholders from around the world 
to discuss broad societal issues associated with nanotechnology R&D that are not likely 
to be adequately addressed by any single country.  Dr. Mihail Roco, Senior Advisor on 
Nanotechnology for the National Science Foundation (NSF), and Chairman of the 
Subcommittee on Nanoscale Science, Engineering, and Technology (NSET) of the U.S. 
National Science and Technology Council convened the meeting, which was held in 
Alexandria, Virginia, United States on 17 – 18 June 2004.  The Meridian Institute, a 
U.S.-based non-profit organization served as the facilitator of the discussions that took 
place at the meeting. 
 
The International Dialogue brought together governmental representatives from twenty-
five countries and the European Union and several international organizations to share 
information and exchange ideas and points of view in an open and informal setting, and 
to discuss the role and potential means of international collaboration to support 
responsible R&D of nanotechnology.   The informal setting of the meeting allowed 
participants to express their individual and personal views, as well as to reflect any 
official policies or positions of their governments or organizations.  This report contains a 
non-attributional summary of the discussions that took place at the meeting, reflecting the 
informal nature of the event.  See Attachment A for a list of the participants and 
Attachment B for a copy of the agenda. 
 
 
II. WELCOME AND OPENING REMARKS 
 
Dr. Mihail Roco opened the meeting and welcomed participants.  In describing the 
timeliness and importance of this meeting, Dr. Roco mentioned that worldwide 
government investments for research in nanotechnology have exceeded US$ 3.5 billion in 
2004, that nanotechnology products are reaching the market and that concerns about the 
societal implications of nanotechnology are being voiced with increasing frequency.  The 
time is right for this meeting of government representatives to discuss broad societal 
issues associated with nanotechnology R&D that cannot be addressed by any single 
country.  Dr. Roco suggested that people need to balance the promise of nanotechnology 
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and the potential negative implications and that an ongoing and expanding dialogue can 
help foster the responsible R&D of nanotechnology.  Dr. Roco proposed that an ongoing 
dialogue could be organized through an “international consultative board for responsible 
nanotechnology.”  A copy of Dr. Roco’s remarks can be found in Attachment C.   
 
Dr. John Marburger, Director, Office of Science and Technology Policy, Executive 
Office of the President, also welcomed the participants and provided opening remarks.  
He referred to nanotechnology broadly as applying to a wide range of science and 
technology opportunities created by the ability to image, manipulate, and simulate matter 
at the atomic scale.  Dr. Marburger suggested that what distinguishes the new 
nanoscience from the old chemistry is the increased understanding and technical control 
of the role of nano-scale structure, but he stressed that nanoscience does not involve new 
materials.  In discussing responsible development, Dr. Marburger suggested that the 
toxicity of the new forms of materials might differ substantially from older ones.  
Although this creates a challenge to regulators, Dr. Marburger suggested that the 
regulatory framework now in existence in the United States is broad enough to cover 
potential hazards from nano-materials.  Dr. Marburger mentioned that the United States 
has taken pains to incorporate social, health, and environmental issues into its 
nanotechnology research planning.  Existing legislation and procedures, such as those 
dealing with biotechnology and genetic engineering, will help to address ethical and other 
issues associated with R&D of nanotechnology.  He emphasized that the societal 
implications of nanotechnology be discussed based on a clear and rational vision of 
nanotechnology.  Dr. Marburger concluded that “if we are to realize the full potential of 
nanotechnology for our nations, and for the developing nations that can share its benefits, 
then we are going to have to agree particularly on standards and nomenclature, on issues 
of intellectual property protections, and on the need for responsible oversight and 
regulation of hazards that we may discover in these technologies.”  A copy of Dr. 
Marburger’s statement can be found in Attachment D. 
 
Dr. Arden L. Bement, Jr., Acting Director of the National Science Foundation, welcomed 
participants and offered comments during the group dinner on 17 June 17 2004.  Dr. 
Bement recognized the shared desire to develop nanotechnology responsibly and with a 
global perspective.  He stressed the importance of international exchange as the best way 
to ensure nanotechnology supports the common good.  Dr. Bement mentioned that 
including the study of societal implications at the very onset of research creates a greater 
range of choices about how to shape nanotechnology.  He briefly described how NSF 
brings together social, physical and biological scientists to bring a rich confluence of 
perspectives to bear upon nanotechnology.  Dr. Bement suggested that public trust will be 
a key element in exploring the nanofrontier for the common good, and suggested that 
dialogue should engage the broader public.  Dr. Bement’s comments can be found in 
Attachment E. 
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III.   SUMMARY OF NATIONAL NANOTECHNOLOGY RESEARCH AND 
DEVELOPMENT PROGRAMS AND OPENING STATEMENTS 

 
In advance of the meeting, the facilitators distributed a questionnaire that was designed to 
collect summary level information on the nanotechnology R&D programs in the 
countries and regions that were invited to participate, as well as information on relevant 
regulatory systems and the personal views of participants on the subject of responsible 
R&D of nanotechnology.  During the meeting, one participant from each country was 
asked to verbally describe the breadth and scope of the nanotechnology research 
development programs in their country and to offer their initial personal views on 
responsible R&D.  The information that was collected through the use of the 
questionnaires, and verbally presented in a summary form at the meeting, can be found in 
Attachment F. 
 
The initial statements from participants regarding their personal views on responsible 
R&D of nanotechnology evidenced a broad range of perspectives and raised a large 
number of important topics and interesting ideas.  Generally, there seemed to be broad 
recognition that increased international cooperation and coordination will be important 
and that actions should be taken to ensure the maximization of benefits and minimization 
of risks.  The contributions made at the outset of the meeting also gave everyone a sense 
that nanotechnology might offer an opportunity to apply the lessons learned from 
experiences with other technologies. These initial individual contributions are not 
summarized in this report but they are provided in Attachment F. 
 
IV. DISCUSSION OF RESPONSIBLE RESEARCH AND DEVELOPMENT 
 
Building off of the opening statements, participants discussed several general themes in 
plenary before breaking into four breakout groups to discuss the following four topics: 
benefits and risks to the environment; benefits and risks to human health and safety; 
socio-economic and ethical implications; and nanotechnology in developing countries.  A 
summary of the initial plenary discussion is provided below.  The breakout group 
discussions are summarized in the sections that follow and include comments and 
questions posed following the small group reports to the full group.  Attachment G 
contains a list of who participated in each breakout group. 
 

A. Initial Plenary Discussion 
 

1. The Nature of Nanotechnology 
 
To start the discussion on the range of potential impacts on society, the group discussed 
whether and to what extent nanotechnology is inherently continuous or inherently 
disruptive.  Some participants agreed with Dr. Marburger that there is a great deal of 
continuity, for instance, in nanotechnology’s potential hazards.  They felt that the impacts 
on society that may be similar to those of other technologies and existing policy and 
regulatory responses are probably adequate to deal with the potential risks and benefits of 
nanotechnology.  Some participants felt that nanotechnology is uniquely defined by its 
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size, new properties and functions, and capability to manipulate matter at the nanoscale.  
These participants felt that nanotechnology is by definition the search for and application 
of novel properties that only become evident at the nanoscale.  They felt that these novel 
properties might make nanomaterials different from materials developed through, for 
example, traditional “bulk” chemistry applications.  Several participants suggested that 
different types of nanotechnology applications should be distinguished from each other 
and might be treated differently.  For instance, some nano-electronic applications may not 
be disruptive because they will change gradually and will continue to rely on 
conventional processes.  Other applications, such as the convergence of nanotechnology 
and biotechnology may be disruptive and might require new regimes that are fast and 
agile enough to respond to disruption.   
 
Numerous participants stressed that it was important not to think of nanotechnology as a 
single technology, but rather of a number of both discreet and interrelated technologies, 
each of which will have their own risk/benefit profile.  It was suggested that it would be 
helpful to develop some sort of a framework within which important distinctions can be 
made such that the discussion of responsible R&D of nanotechnology does not become 
overly broad, and result in sweeping but not very meaningful statements and actions. 

 
Governments may have to consider intended and unintended consequences of new 
nanotechnologies, as well as the possibility that the same technology could be used for 
both beneficial and harmful purposes.  It was acknowledged that such dual-use 
technologies would present some real challenges in terms of the notion of responsible 
R&D.   

 
Participants noted the tension between the desire to foster innovation, which may not 
need a regulatory framework, and the desire to understand and manage potential risks and 
unintended consequences.  Differing views among meeting participants on how to best 
balance governmental actions to promote innovation that brings about the projected 
benefits of nanotechnology, and governmental actions to reduce, minimize, or, where 
possible, eliminate the risks and unintended consequences of nanotechnology was, not 
surprisingly, the main fulcrum around which much of the discussions revolved during the 
course of the meeting. 
 

2. Regulatory and Other Responses 
 
Participants discussed a range of possible government regulatory actions to address 
potential risks of nanotechnology.  One participant raised the question as to whether 
governments should be contemplating a moratorium on nanotechnology.  When asked if 
any country was contemplating a moratorium, none of the participants indicated that they 
were.  The general attitude seemed to be that, aside from the potential benefits that would 
fail to materialize, there is insufficient knowledge about risks to justify a moratorium.  
Participants noted, however, that certain civil society groups not represented at this 
meeting have proposed a moratorium.  Several participants suggested that regulation 
should evolve as information about impacts on the environment, human health and safety, 
and social structures becomes available.  Good information about risks would make it 
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possible to make changes at the design phase in order to prevent future harmful effects.  
However, some participants cautioned that a regulatory system should not be unduly 
prescriptive such that it stifles innovation or causes other problems in the future.  Instead, 
a regulatory system might be based on principles and include components that create 
adaptive capacity and encourage flexibility as we learn more and more about the benefits 
and risks associated with discreet forms of nanotechnology.  Others felt that it was 
important that regulations should build public trust by ensuring transparency, credibility 
and rigor.   
 
A common theme throughout the discussions was the importance participants placed on 
education and training to prepare the workforce, the public and young generations for the 
rapid emergence of nanotechnology.  Training and education was mentioned as an 
important aspect of several issues, such as providing public education and information to 
engender a constructive public debate; allowing all countries to benefit from 
nanotechnology applications as well as assess and manage potential risks; building a 
qualified workforce; and preparing government staff for impacts of nanotechnology that 
might require new policy and/or regulatory approaches. 
 

3. Institutional Mechanisms for Ongoing Dialogue and Action 
 
Participants explored possible venues for continuing the international dialogue on 
responsible R&D of nanotechnology.  Some cautioned that governments may be reluctant 
to create a new institution, but suggested, for instance, that the G8, the United Nations 
(UN), or the Organization for Economic Cooperation and Development (OECD) might 
offer venues.  The OECD, for example, has been used as a venue where governments 
(member and non-member) and other organizations come together to engage in a 
dialogue.   

 
A participant suggested the formation of a “sherpa” or preparatory group that is 
representative of all countries to prepare for ongoing dialogue.  This suggestion resonated 
with other participants and, as described more fully below, the development of draft 
terms of reference for a preparatory group became one of the key outcomes of the 
meeting.   
 
Several participants reiterated that the international dialogue should discuss specific 
categories of technologies and place the discussions of potential benefits and risks in 
specific context.  One participant also suggested that it is critical to develop a framework 
and a logical path to guide the discussions and prevent them from bogging down.   

 
Most participants felt that ongoing dialogue, although important, should not be an end in 
itself and that this meeting as well as an ongoing dialogue should lead to concrete action.  
One participant suggested that one form of action could be the development of a code of 
conduct.  Such a code of conduct could include: a commitment from institutional 
authorities to use public funds for R&D of nanotechnology in a manner that protects the 
integrity of mankind; the constitution of a high-level scientific advisory board to give 
advice concerning, among others, risk prevention; and a commitment to treat knowledge 
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on the impacts of nanotechnology as a public good and share this information.  This 
language, however, led to questions about how to define human dignity and how to 
reconcile the desire to share information with intellectual property (IP) protection, and 
led to the suggestion that the international community needs a common nomenclature. 

 
Several participants mentioned that different entities are planning activities that should be 
considered by a preparatory group, especially as it relates to the need to develop 
nomenclature and definitions to classify and define nanotechnology. 
 
Some participants mentioned that countries are engaged in a global competition to bring 
the benefits of nanotechnology to the market.  At the same time, it was noted that 
potential risks associated with nanotechnology could be addressed in common because 
they affect shared interests.  This will require a good understanding of risks, and 
development of appropriate regulations that do not prevent continued investments and 
innovation.  However, others mentioned that if people agree on the importance of 
protecting human health and safety, this might lead to added cost due to additional safety 
precautions.  Some participants mentioned that these issues, although important, should 
not detract from efforts to achieve excellence in and continued funding of basic research.  
Several participants stressed again the need for a framework, a set of common rules that 
encourages innovations in a responsible manner. 
 

4. Expanding the Dialogue 
 
An important consideration in future international dialogue should be the position of 
developing countries, and especially poor and excluded people in developing countries.  
Several participants stressed the importance of preventing a widening knowledge gap 
between developed and developing countries, and suggested that the international 
dialogue and collaboration should help developing countries participate in 
nanotechnology R&D.  Participants suggested that the broadest range of developing 
countries, from the more prosperous to the poorest, should be included in the dialogue.  
Participants recognized that economic, social and other conditions vary greatly among 
developing countries and that these countries may have different needs in terms of 
responsible nanotechnology R&D. 
 
Companies are rapidly developing products and placing them on the market.  Much of the 
development of nanotechnology will take place in the private sector.  Participants 
suggested that industry should be involved in the international dialogue on responsible 
development of nanotechnology sooner rather than later.  The dialogue could involve 
industry associations as well as individual companies.  However, one participant 
suggested that industry involvement is more critical for addressing some issues than 
others (e.g., metrology should be discussed with industry partners).  Interactions between 
governments and industry should be strategic in order to have a long-term impact on 
nanotechnology.  It was suggested that private industry has a strong interest in sharing 
information on environmental impacts and health and human safety and would be eager 
to participate in this dialogue.   
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Several participants mentioned that other groups in society, for instance civil society 
groups such as environmental organizations, should also be included in the dialogue 
about responsible R&D of nanotechnology. 

 
A participant warned that the dialogue should be conducted in the broader context of the 
role of science in society and societal control of science.  Focusing exclusively on 
nanotechnology could result in discussions bogging down in uninformed notions and 
concerns about risks that are not necessarily real. 
 

B. Environment Breakout Group Discussion 
 
One of the four breakout groups took a broad look at the potential benefits and risks to 
the environment associated with nanotechnology.  In addition to a discussion of potential 
benefits and risks, the group discussed actions that might be taken by the international 
community to maximize benefits and reduce risks.  Group members suggested that a 
discussion of the environment could include a broad range of topics related to air (e.g., 
volatile organic compounds emissions), water (e.g., desalinization; waste water 
treatment), soil (e.g., soil fertility and sensors), biological systems, biosphere, weather 
and climate (e.g., emissions of greenhouse gases), agriculture (e.g., food production), and 
security (e.g., water and food supplies targeted by terrorist attacks).  
 
Participants recognized that nanotechnology presents opportunities for potential benefits 
as well as potential risks to the environment.  However, they mentioned that there is a 
lack of hard facts regarding both the potential harmful and beneficial effects.  Additional 
research is needed. One participant suggested that research might look at what is different 
about nanotechnology that it would require a different response in comparison to existing 
technologies.  Other participants offered that an important difference is that nanoparticles 
can go anywhere and that, for instance, macrophages do not recognize certain size 
nanoparticles.  These characteristics could have unintended consequences. 
 
Framework for Discussing Benefits and Risks 
In discussing the key potential benefits and risks to the environment from 
nanotechnology, the group discussed a framework (see table 1 below) that organizes 
categories of topics, issues and questions related to the potential environmental risks and 
benefits of nanotechnology. 
 
Benefits to the Environment – Some Examples 
In addition to the examples mentioned in the context of this framework, participants 
mentioned several other specific examples of benefits to the environment that could result 
from nanotechnology.  Several participants mentioned opportunities offered by 
nanotechnology to combat climate change by enabling economies to switch to hydrogen 
as a main source of fuel and by making renewable energy sources (e.g., photovoltaics) 
more efficient.  Others mentioned opportunities to reduce energy consumption.  For 
instance, research is being conducted in Japan to develop polymers and metals that can 
help create super-conducting materials and storage devices that contribute to greater 
energy efficiency.  Energy consumption could further decrease by using better sensors  
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Table 1:  Framework for Discussing Potential Environmental 
Benefits and Risks of Nanotechnology 

Applications (Benefits) Implications (Risks) 

Category Examples of 
Applications 

Category Examples of Issues 
to Consider 

Sensors Sensors for emissions 
monitoring 

Source (where does 
it come from?) 

Are we dealing with 
potential toxicity of 
manufactured 
nanomaterials only?  
How do you trace 
materials that are found 
in the environment back 
to their source? 

Treatment and/or 
Remediation 

Applications for water 
desalinization and waste 
water treatment 

Transport and 
Transformation 
(where does it go?) 

Where do nanomaterials 
transport to and is there 
any transformation?  
Detection methods are 
needed to detect even 
very small amounts of 
nanomaterials. 

Renewable Energy Applications for 
efficient hydrogen 
storage and use, 
efficient photovoltaic 
cells and electricity 
storage 

Effects (what does it 
do?) 

What are the toxic 
and/or ecotoxic effects 
of nanomaterials?  What 
are the exposure routes?  
Do the materials 
bioaccumulate?  
Methods are needed to 
quickly assess the risks 
of new materials. 

Catalysis Applications for 
improved catalysis to 
reduce waste 
compounds 

  

Green 
Manufacturing 

Applications for cleaner 
production.  This could 
include green 
engineering to 
manufacture 
nanomaterials in a 
manner that reduces 
pollution, but also 
applying NT to produce 
other products using a 
cleaner process 

  

 
 
developed with nanotechnology.  Participants mentioned that nanotechnology is being 
used to develop improved coatings that can result in reduced air emissions of volatile 
organic compounds (VOC).  A participant also mentioned that nanotechnology could be 
used to dramatically increase wireless connectivity, which could reduce the need for face-
to-face meetings, thereby reducing the need for transportation.
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Risks to the Environment – Need for Risk Assessments 
In turning attention to potential environmental risks, participants noted the lack of 
knowledge regarding potential risks of nanotechnology, and most felt there is a need for 
risk assessments.  Participants suggested that potential exposure in the workplace and 
potential exposure during research are currently the most likely events that could involve 
risks.  Other potential risks, for instance those resulting from decomposition or change of 
properties over time, may be longer-term risks.  Considering that many nanotechnology 
applications are still in the developmental stages, and researchers only make very small 
amounts of material, should risk assessments be conducted now, or would it be more 
appropriate to do so when commercial applications arise?  Many participants felt that 
governments should promote risk assessments at this early stage of nanotechnology R&D 
for the following reasons:  
 

• International corporations are rapidly moving from development to dissemination.  
Some products, such as computer displays containing nanomaterials, could be 
produced in large quantities. 

• Investors are increasingly asking that companies ensure that environmental and 
ethical standards are met in order to reduce potential liability risks as they develop 
and distribute new nanotechnology products and applications. 

• Developing countries have no resources to study toxic effects, but will most likely 
receive nanotechnology products.   

 
These reasons make toxicological research both pressing and challenging.  Some 
participants felt that governments have to work now to understand potential risks 
associated with nanotechnology in order to provide industry and society with solutions 
for future problems. 
 
In order to promote risk assessments at this early stage, participants felt that funding 
agencies should require nanotechnology research projects to include an assessment of the 
environmental, health, social and ethical impacts in order to assess the potential risks 
associated with the product or method under development.  This would promote a 
balanced, interdisciplinary approach to nanotechnology R&D.  Some suggested that the 
risk studies should be carried out separately from the research on the product and/or 
technique. This interdisciplinary approach might include an education component. This 
type of research would help researchers make a product safer as they develop it and 
would help them think through the multiple applications of their product, which could 
include environmentally beneficial ones. 
 
One participant mentioned that data from industry studies could be considered as an 
additional source of data.  For instance, DuPont performed a carbon nanotube toxicity 
study.   
 
Some participants cautioned that there is a lack of uniform scientific research, which 
suggests a need to develop common standards and methodologies.  For research that is 
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currently available, one needs to assess the science behind the study results.  For these 
studies, it will take time to repeat tests and reach broad agreement on the research results. 
 
Several participants suggested that new, fast and secure methods are needed to quickly 
identify characteristics that would indicate potential toxic effects of new nanomaterials.  
These methods are needed to keep up with the rapid pace of development of new 
nanomaterials.  They questioned, however, whether it would be possible to develop 
modeling programs that predict the reactivity of particles.  It will be very difficult to 
develop reliable and useful models due to the complexity of the materials and interactions 
with their environment.  With regards to study methods, one participant suggested that 
the toxicological effects of nanomaterials should be studied on smaller organisms (e.g., 
microbes and insects) rather than, for instance, mice and rats.  Others suggested that risk 
assessors should use systems approaches, such as life cycle assessments (e.g., through 
four phases: extraction, production, use, end of life) and impacts of changes in material 
flows through the economy.  
 
Participants mentioned that many government agencies have very limited budgets to fund 
studies to protect the environment and human health, and that whatever safeguards are 
put in place will be determined, at least in part, by their costs. 
 
Possible Actions by the International Community 
Some participants cautioned that international action and coordination should take a 
sequential approach (e.g., first agree on standards and nomenclature then go to the next 
step).  Participants suggested several possible actions the international community could 
take in the near term:  
 

• Share hyperlinks to websites with lists of government funded research projects 
and grantees.1 

• Share hyperlinks to sites with toxicological and ecotoxicological studies.  
Participants expressed a willingness to create hyperlinks to each other’s sites with 
toxicological data/risk assessment information. 

• Organize an international workshop of grantees that have health and 
environmental toxicology data.  The workshop would allow grantees to share 
data, map the available data, identify needs for more data, and develop 
recommendations.  Such a meeting could be held periodically. 

 

                                                 
1 During the discussion, the following references were provided:  an overview of European Commission 
grants is available at: http://www.cordis.lu/nanotechnology (click on “funded projects and networks”).  An 
overview of U.S. EPA National Center for Environmental Research grants is available at: 
http://es.epa.gov/ncer/grants/.  An overview of U.S. NSF grants is available at http://www.nsf.gov/nano 
(click on "Solicitations and outcomes" and "Centers"); links to other agencies of the US National 
Nanotechnology Initiative are available at: http://nano.gov.  An overview of UK Engineering and Physical 
Sciences Research Council (EPSRC) grants is available at: http://www.epsrc.ac.uk/website/index.aspx 
(click on “grant process checker”; click on “current grant portfolio”).   
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Some participants also suggested that there could be a shared website or online database 
with information on research results, toxicological studies and “green” technologies.  
Others cautioned, however, that such a site would be most valuable if it would only 
contain studies that meet certain quality standards or criteria to be duly agreed upon.  
Furthermore, a website would require on-going funding and resources to maintain the 
website.  Perhaps an organization like the G8 could establish a center of information.  
One participant suggested that interested parties can share information through a listserve 
and that she manages a listserve that tracks policy-relevant developments in 
nanotechnology.   
 
Participants mentioned several activities that they will engage in and may be of interest to 
the group, including: U.S. EPA Grantees Workshop (summer 2004); U.S. EPA 
Symposium (March 2005 in San Diego); and a review article to be published in the 
Environmental Science and Technology Journal (March 2005).  Participants also 
mentioned that the European Union and United States are coordinating several activities. 
 
Participants agreed that there seems to be a common interest in sharing information on 
new technologies, new risk assessments, and new industry applications at this relatively 
early stage in the development of nanotechnology.  They expressed an interest in on-
going dialogue, but also stressed the need for action. 
 

C. Human Health and Safety Breakout Group Discussion 
 
This breakout group took a broad look at the potential benefits and risks to human health 
and safety (HHS) associated with nanotechnology.  For the purpose of this discussion, 
HHS was defined broadly to include medical devices, pharmaceuticals, and worker and 
consumer exposure issues.  The group began by focusing on the following questions: 

 
• What are the key potential benefits and risks to HHS from nanotechnology?  
• Are these potential benefits and risks likely to emerge in the short-term (during 

the next 1-5 years) or the long-term (over 5 years)? 
• What are some important actions that might be taken by the international 

community to enhance the benefits and reduce the risks? 
 

In grappling with this initial set of questions, the group realized it was necessary to find a 
way to break down the concept of nanotechnology into component pieces.  For the 
purpose of discussing potential benefits and risks to HHS, the group made a distinction 
between: 
 

A. Nanotechnologies that are intended to improve HHS, such as: 
1. Medical (pharmaceuticals, medical devices, etc.) and cosmetics* 
2. Public health improvements (e.g., water purification) 
3. Bio-sensors 

                                                 
* While it was recognized that cosmetics are typically not intended to improve human health, strictly 
speaking, they were tentatively included in this category so as to not lose sight of their importance. 
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B. Nanotechnologies that have unintended consequences or secondary impacts on 

HHS, including:  
1. Workers 
2. Consumers 

 
Turning its attention back to the initial set of questions, several members of the group 
suggested it would be helpful to go back to a “first order” question of what is the 
definition of nanotechnology: Is nanoscience and nanotechnology the search for and 
application of novel (new and different) properties of matter that are only manifested at 
the nanoscale?  Or is nanotechnology just an evolution of “the same old chemistry” (i.e., 
the search for and application of well-known properties of matter that are already 
exhibited at the micro and bulk scales).  One participant noted that the philosophy of 
chemistry is that chemical properties exhibited at the bulk scale are assumed to be the 
same as those exhibited at the molecular scale.  The group agreed that the search for and 
application of novel properties is the essence of what is referred to as “nanotechnology.”  
The search for and application of such novel properties is the reason why nanotechnology 
R&D is segmented from other more traditionally focused R&D programs.   
 
This first order question was important to the group because of the implications it may 
have for whether new approaches are needed regarding the regulatory systems and related 
institutions we have in place to protect HHS.  One example that was discussed by the 
group was the Chemical Abstract System (CAS), the internationally recognized system 
for identifying and naming new chemicals.  While this nomenclature system is not a 
regulatory system per se, it was recognized as an important transparency tool and as a 
portal into the regulatory system.  The discussion noted that the “nomenclature issue” is 
particularly challenging in that the properties exhibited at the nanoscale are often not 
static but can be dynamic depending on the size of the nanomaterials – thus resulting in 
the possibility of hundreds of different entries into CAS for a material that might 
otherwise be considered the same chemical.  Another example mentioned was carbon 
nanotubes in so far as the material that makes up carbon nanotubes serves as an insulator 
of electricity at the bulk scale and as a conductor of electricity at the nanoscale. 
 
One participant expressed a view that the existing and widely accepted and utilized 
protocols for protecting HHS of researchers will probably be adequate in the context of 
nanoscience and nanotechnology R&D. 
 
With regard to the larger context of the commercialization of nanotechnology, it was 
suggested that it might be possible to develop a decision-making flow chart that starts 
with the question of whether the nanomaterial exhibits unique properties and then turn to 
the question of whether the material is mobile or not (e.g., lead embedded in glass is not 
as much of a concern to HHS as lead contained in gasoline or paint).  Another participant 
suggested that it might also be important to address the time dimension as well as 
mobility (i.e., is the material mobile and, if so, for how long?).  While there appeared to 
be agreement that nanotechnology is the search for and application of novel and unique 
properties, at least one participant expressed a caution that it will be difficult to define 
and use a “unique properties” test as a trigger for regulatory oversight. 
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It was also suggested that it might be helpful to do “life cycle case studies” on titanium 
oxide and carbon nanotubes with the intention of exploring whether they exhibit unique 
properties that might warrant the need for further evaluation. 
 
One participant raised the issue of the social risk of whether nanotechnology will be seen 
as socially acceptable given the lack of trust in governance systems and institutions and 
the general social unease with the introduction of new technologies.  Another participant 
suggested that consideration be given to the development of a voluntary code of conduct, 
involving and perhaps led by industry and non-governmental organizations.  It was noted 
that some representatives of the insurance and re-insurance industry are beginning to 
express the need for such a code of conduct.  Another suggested that it might be useful to 
start with a voluntary code of conduct for people who are doing the research. 
 
Some members of the group proposed different types of nanotechnology as requiring 
relatively more or less urgent attention for evaluating their potential benefits and risks to 
HHS (e.g., gene targeting DNA as compared to nanomaterials and sensors.)  However, it 
quickly became clear that there were divergent views as to what the priorities should be.   
 
In concluding their discussion, the group did not reach a firm conclusion on whether the 
sought after novel properties that define nanotechnologies requires novel approaches to 
ensure transparency and an appropriate level of regulation.  However, there appeared to 
be an emerging consensus that: 
 

• Nanotechnology poses challenges for HHS – both in terms of realizing its full 
intended potential benefits and reducing its unintended risks; 

• Nanotechnology poses challenges for our “current way of doing business,” both in 
terms of how we conduct R&D, as well as how we regulate the introduction of 
new technologies into commerce; 

• Nanotechnology poses challenges for social acceptability; and 
• There is a need for continued dialogue of experts (meetings like this one) as well 

as with other actors in civil society (such as industry and NGOs). 
 
During the plenary session when the HHS breakout group report was given, several 
additional points were raised.  One participant noted that the amount of the substance a 
person is exposed to often determines its toxicity.  A substance taken in small amounts 
can be harmless, but in larger doses it could be harmful.  Another suggested that research 
labs should self-regulate for health and safety in the lab space.  Still another participant 
suggested that HHS regulatory efforts should focus first on the health category where the 
greatest public fear lies: bio/nano – viruses, swarms of nanoparticles, etc.  It was 
suggested that there is an urgent need to clarify the true status of these technologies and 
to take action to mitigate some of these fears.  Finally, it was suggested that we should 
put nanotechnology in its proper context: by-products from many existing industries pose 
much higher risks to HHS than do current nanostructures and materials (e.g., welding 
linked to Alzheimer’s disease).  Nanotechnology can be used to reduce the risks from 
existing industrial processes. Also, we need to put nanotechnology in the context of 
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human exposure to numerous types and large amounts of naturally occurring and 
anthropogenic nanostructures and materials. 
 
 

D. Socio-Economic and Ethical Issues Breakout Group Discussion 
 
The socio-economic and ethical (SEE) issues breakout group identified and discussed a 
range of topics associated with the anticipated benefits and challenges of nanotechnology.  
In organizing the conversation, the group decided they would focus on the implications of 
nanotechnology generally, not just nanotechnology R&D. They also indicated that, in 
many ways, the SEE work group was addressing the human dimensions of 
nanotechnology, some of which had been identified in the responses to the questionnaire 
and discussed in the opening plenary session. This included issues such as, but not 
limited to: promoting human-well being and human development; the importance of 
education at all levels for students, researchers, policy makers, civil society, the media 
and others; participation, trust, and transparency; and dialogue.  
 
Early in the work group conversation, the group took note that while there may be things 
unique about nanotechnology relative to socio-economic and ethical issues, some socio-
economic and ethical dynamics might also be the same as for any new technology.  
Regardless, the group pointed out that there is clearly one important dynamic that will be 
important to take into account. This is a recognition that the current societal context in 
which nanotechnology is emerging is significantly different than the societal context that 
existed for other significant scientific endeavors of ten, twenty or fifty years ago. 
Specifically, globalization brings new implications such as: instantaneous worldwide 
media attention and the use of the Internet for information dissemination (scientific, 
advocacy, etc).  The group noted that there are enhanced expectations about the need for 
and the manner in which the scientific establishment, governments, and companies 
interact with the public. There is greater concern about the divide between rich and poor 
throughout the world, an increasing interest in human development, fairness in access to 
information and technology, and an even greater expectation of transparency and 
participation in decisions.  Finally, the group recognized that as nanotechnology starts to 
become the subject of dialogue in society that issues of fact as well as perceptions and 
values will become an integral aspect of discussions amongst scientists, governments, 
companies, civil society, policy makers, the media and others. 
 
In considering the implications of the modern day increasingly global context within 
which nanotechnology is emerging, the group also noted that importance of global 
market forces and the reality that countries and companies are making investments to 
gain a competitive advantage. While participants acknowledge the importance of 
economic competitive forces, they also noted that there appears to be a strong self-
interest to find ways to collaborate internationally on issues of common interest such as 
nomenclature and measurement, collecting risk related information, and promoting 
dialogue and education. 
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Within this potential dichotomy of competitive market forces and international 
cooperation, the work group discussed some of the potential challenges ahead.  For 
example, what could or should be done if one country decides to “opt in” for a 
particularly controversial technique/product while all others “opt out”?  Will that create a 
push for others to opt in or opt out? Would there be pressure on those who did opt in and 
what recourse could there be on either side of that issue? 
 
Just as with the opt-in and opt-out dilemma described above, one participant raised the 
possibility that there could be significant and difficult unintended consequences if a 
nanotechnology had a dual use application.  The product might be restricted for trade or 
donation for reasons related to its “bad” use, even if it had humanitarian applications with 
significant potential to improve people’s lives.  The issue of dual use and the ethical and 
socio-economic dimensions of nanotechnology were raised as something that should 
remain on the global agenda for continued understanding and dialogue.   
 
The group agreed that in order to move forward with an international dialogue on socio-
economic and ethical issues there is a need for a framework that, as explicitly and 
factually as possible, can make transparent the potential benefits nanotechnology might 
bring to humanity as well as the risks.  The group also noted that it may prove too 
difficult to develop such an approach at a general level and there is a need to differentiate 
between different categories or types of nanotechnology, which will have many 
applications and many types of effects. For some of these effects, current regulations may 
be sufficient while for others, new approaches might need to be developed.  It was 
suggested that there is a need to establish a framework to facilitate dialogue and that such 
a framework may need to move to a greater level of detail specific to more focused 
applications of nanotechnology in order to be productive.  Some examples included 
energy, material, or specific techniques and tools, or products.  In addition, in considering 
whether and how nanotechnology might be regulated in the future, the group noted that 
any regulatory system would probably need to be flexible because it is likely that 
continuous adjustments will be needed that we do not yet fully understand. 
 
The group discussed the important role that dialogue will play going forward, especially 
regarding science and society.  The group noted that such dialogue, to be successful and 
useful, will need to involve a variety of societal actors in different kinds of dialogue such 
as: scientists, industry, policy makers, civil society, the media, and others.  The group 
also mentioned that different age groups and regions of the world, for example, are likely 
to be important participants in dialogue on nanotechnology as well. This led to a 
reiteration of the points raised in the morning plenary that education, including K-12 
education as well as university and advanced degree education will be essential to 
realizing the benefits of nanotechnology, and will contribute to an informed societal 
dialogue about the balance of benefits and risks. 
 
The group considered just a few of the ethical dimensions that might arise as 
nanotechnology R&D matures.  For example, what are the ethical implications of new 
life-prolonging technologies or organ or limb replacement tools that can extend life 
many, many years beyond what is currently possible?  The group asked, whether there is 
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some point at which the use of life-prolonging technologies is no longer considered 
ethical?  The group also noted that some scientists suggest that soon we may be able to 
know even more about the nature of life itself, including when, and under what 
conditions life begins and how. Participants indicated that these are only a few examples 
of the kinds of ethical issues the benefits and challenges nanotechnology may bring to 
society. 
 
Just before concluding, the group indicated that it might be useful and important to 
explore what key conditions are necessary to pursue nanotechnology R&D.  For example, 
what types of labs and equipments are needed, what type of knowledge a researcher must 
have, must the workforce be educated, etc.  Understanding this may be an important 
aspect of how to assist poorer countries in their pursuit of nanotechnology benefits.  At 
the same time, it was pointed out that knowing this may create further ethical and socio-
economic questions for society.   
 
At the end of the discussion, the work group members noted that a critical challenge in 
society’s ability to understand, assess, make explicit, and engage in education and 
dialogue on the balance of benefits and risks of nanotechnology has a great deal to do 
with the ability of society to cope with significant complexity.  Success may be defined 
by society’s ability to manage this complexity (e.g., multi disciplinary, multiple 
ministries, the nature of the science, behavior of products, ethical issues). 
 
The group concluded that while they may have only begun to identify a small portion of 
the ethical and socio-economic issues associated with nanotechnology, they were 
confident that finding the balance of managing the benefits and risks would require 
further international dialogue and collaboration and encouraged further discussion of this 
topic in the plenary group.  
  

E. Nanotechnology in Developing Countries Breakout Group Discussion 
 
This breakout group discussed whether nanotechnology presents challenges for 
developing countries that are different than issues associated with other new technologies 
(e.g., biotechnology, information technology).  The discussion, for example, explored 
whether nanotechnology presents unique issues in regards to R&D capacity, 
infrastructure, regulatory development, etc.  Specifically, the group focused on the 
following questions: 

 
a. What are the key issues for developing countries associated with nanotechnology 

R&D? 
b. Does nanotechnology raise issues for developing countries that are unique (i.e., 

issues that have not been seen with the introduction of other new technologies 
such as biotechnology)?   If so, what are they? 

c. What are some important actions that might be taken by the international 
community to address issues regarding nanotechnology that are unique to 
developing countries? 
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In discussing key issues for developing countries associated with nanotechnology R&D, 
the group identified the following list of issues: 
 

• Infrastructure 
• Human capacity and policy capacity 
• Money 
• Intellectual property rights 
• Education, both as it relates to academics (i.e., the need to develop university 

curriculum) and the public  
• Trade barriers 
• Political context 

 
Based on its limited time together the group concluded, that, by-and-large, the list of 
issues identified above are not unique to nanotechnology. 
 
Pre-existing gaps in developing countries related to biotechnology and information 
technology (e.g., lack of infrastructure, human capacity, policies, money, etc.) translate 
into gaps in the nanotechnology arena because of the linkages between nanotechnology 
and other new technologies. 
 
Participants noted that societal needs differ between developing and developed countries.  
For example, in the area of research to address disease, participants noted that the list of 
high priority research items for developing countries might focus on diseases A, B, and C 
while developing countries might choose to focus on diseases X, Y, and Z. 
 
While the group concluded that nanotechnology presents a familiar list of issues for 
developing countries (e.g., lack of capacity, resources, etc.), there are numerous lessons 
from the introduction of other new technologies that can be applied to nanotechnology, 
thereby avoiding missteps with nanotechnology. 
 
The group noted the importance of ensuring that a diverse group of stakeholders (e.g., 
developing countries, NGOs, industry, etc.) are “at the table” when problems and 
priorities are identified.   
 
Some participants noted that nanotechnology presents an opportunity to think creatively 
about the role of the private sector in developing countries.  For example, with 
information technology and biotechnology, companies typically donated technologies 
and services to developing country institutions.  With nanotechnology, companies can 
pursue the development of new products and related services that benefits both the 
company and developing countries.  Specifically, companies and developing countries 
can work together to develop markets for nanotechnology products.  In the plenary 
session when the workgroup report was presented, one participant commented that the 
charitable approach taken by companies with biotechnology and information technology 
is not sustainable, but market-based approaches are sustainable. 
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Some participants noted that nanotechnology presents an opportunity to think creatively 
about developing country assets.  Several people noted, for example, that developing 
countries are attractive manufacturing centers because of low labor costs, which make 
developing countries attractive locations for nanotechnology manufacturing.  
Manufacturing jobs can raise standards of living and government revenues, which could 
in turn allow these developing countries to begin investing in nanotechnology R&D.   
 
One participant noted two recent creative initiatives in the biotechnology arena for 
addressing issues associated with intellectual property rights including the African 
Agricultural Technology Foundation (AATF) and the Public Intellectual Property 
Resource for Agriculture (PIPRA).  These two relatively new entities help developing 
country research institutions access patented agricultural technologies from companies 
and universities.  The participant suggested something similar might be appropriate for 
nanotechnology. 
 
Many members of the group commented on the need for new approaches to training that 
both encouraged developing country scientists to get trained in developed countries, but 
return to their native countries when their training was completed. 
 
During these “lessons learned” discussions, participants were repeatedly confronted with 
terminology and definitional challenges.  Specifically, participants questioned one 
another about the meaning of “developing countries.”  Was, for example, the group 
focused on issues associated with nanotechnology for the more prosperous developing 
countries (e.g., Brazil, India), the poorest developing countries, poor developing 
countries, or some combination of these categories?  The group acknowledged that the 
issues would differ depending on which of the categories was the focus of the discussion 
and, in turn, the strategies to address the issues would also differ.  As with the plenary 
discussion that took place in the morning, the group acknowledged that clarity about the 
term “nanotechnology” is important, given the breadth and diversity of technologies 
encompassed by this term. 
 
Due to the time allotted for the breakout session, the group had relatively little time to 
discuss specific actions that could be taken by the international community to address the 
issues identified above.  One participant made a specific suggestion that donors include 
specific requirements in funding agreements that would require developing country 
institutions to use best practices for nanotechnology R&D.  At a broader level, the group 
concluded that more time was needed to discuss this important set of issues associated 
with nanotechnology and developing countries. 
 

F. Breakout Groups – Common Themes Matrix 
 
In reflecting on the discussions in the breakout groups, David Rejeski, Director of the 
Foresight and Governance Project of the Woodrow Wilson International Center for 
Scholars, presented the matrix illustrated on the next page that displays some of the ways 
risks and benefits were discussed during the breakout sessions as well as a number of 
possible parameters affecting failure or success. 
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Figure 1: Nanotechnology Matrix by D. Rejeski, Director of the Foresight and 
Governance Project, Woodrow Wilson International Center for Scholars 
 
The following two boxes contain a brief explanation of the terms used across the X and 
Y-axes of this matrix.   
 

Risks/Benefits 
 
• Novelty: Risk/benefits that arise from the emergence of new properties at a nano-

scale level. 
• Systemic:  Risk/benefits arising from systems interactions, such as the 

convergence of nano, bio, and information technologies.  Also see the discussion 
on emerging systemic risks in the recent OECD study on “Emerging Risks in the 
21st Century”.2 

• Social: Risk/benefits that arise in the social sphere affecting the public acceptance 
of nanotechnology, technological diffusion, etc. (as distinct from more 
quantifiable technological risks associated with human exposure, probability of 
accidents, etc.) 

                                                 
2 This report is available at: http://www.oecd.org/dataoecd/23/56/19134071.pdf. 
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Failure/Success Modes 
  
• Resources:  Adequacy of funding and human capital to address emerging 

nanotechnology issues at national, regional, and international levels. 
• Intellectual: Development and application of analytical tools and conceptual 

models needed to deal with emerging challenges of nanotechnology, e.g., new 
approaches to risk assessment, toxicology paradigms, and technology diffusion 
models. 

• Governance: Adequacy of mechanisms such as regulations (environmental, 
worker safety, consumer protection, and food safety) and bilateral/multilateral 
agreements to address issues and concerns around nanotechnology.  In a larger 
sense, the adequacy of our existing organizations, governance tools, and public 
sector workforce to deal with a rapidly emerging technology at a global scale. 

 
 
V. CONCLUSION 
 
After hearing the report from the breakout groups in a plenary session, the group decided 
to stay in a plenary rather than move back into breakout groups as indicated in the agenda 
for the meeting.  During the plenary session, it became clear that the participants agreed 
there is a clear and urgent need for ongoing international dialogue, cooperation, and 
coordination in the area of responsible R&D of nanotechnology.  An ongoing dialogue 
should enable and maximize the beneficial contributions of nanotechnologies to society 
and natural systems as well as address the concerns of the public to reduce risks that may 
be associated with nanotechnologies.  In order to promote an on-going dialogue, 
participants spent some time during the final plenary session working on a draft of the 
operational terms of reference for a “preparatory group”, still informal, that would be 
formed to further the goal of international dialogue and cooperation.   
 
 

Operational Terms of Reference 
Preparatory Group 

 
1. The participants support the idea that, in order to reap the full benefits of 

nanotechnology, there is a need to continue and intensify an international dialogue 
and cooperation on responsible R&D of nanotechnology to respond to the 
expectations and concerns of citizens. 

 
2. Such dialogue and cooperation needs structure and the participants agreed to 

constitute a small preparatory group to explore possible actions, mechanisms, timing, 
institutional frameworks, and principles for this dialogue and cooperation, which can 
be accepted by all countries and regions. 

 
3. The preparatory group will prepare a draft plan of action for continued dialogue and 

cooperation, and a joint declaration, along with a procedure for their adoption.  Other 
countries may join if interested. 
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4. The preparatory group will be composed of participants from three large regions: 

North and South America; Europe and Africa; and Asia and Oceania.  It will alternate 
meeting in one of these large regions, with a rotating chairmanship.  Every party will 
cover its own costs and the chair should ensure meeting facilities and the secretariat. 

   
 
In addition, meeting participants called for action to begin to address priority issues that 
will help ensure the responsible R&D of nanotechnology.  Participants recognized that 
there are numerous activities that they and others will engage in while the preparatory 
group forms and completes its tasks.  These activities should be considered by the 
preparatory group as it prepares a plan of action.  Some of the activities mentioned during 
the meeting include, but are not limited to: 
 

• Developing a common nomenclature; 
• Developing methodologies for risk assessment; 
• Exchanging information on human and ecological toxicology studies;  
• Studying environmental benefits of nanotechnology; and 
• Developing education, training and public awareness programs. 

 
It was acknowledged that this list may be incomplete and participants were encouraged to 
share with each other additional information about the scope and nature of the ongoing 
and already planned activities related to responsible R&D that they are personally 
involved in. 
 
Participants appreciated the fact that this meeting included mostly government 
representatives from countries with a broad range of experiences and nanotechnology 
R&D programs.  However, they strongly suggested that future discussions be expanded 
to include other interested countries that did not participate in the International Dialogue, 
and, when possible, other stakeholders such as industry and civil society organizations. 
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ATTACHMENT A: PARTICIPANT LIST
 

Brazil Argentina 
  
Jorge Tezon Oscar Malta 
CONICET Ministry of Science and Technology and 

Nanodevices Sub Gerente de Fomento Cientifico y 
Technological Depto Quimica Fundamental-UFPE 
Rivadavia 1917 Cid. Universitaria 
C1033AAJ Buenos Aires, Argentina Receofe-PE, 50670-901, Brazil 
phone number:  54-11-4951-4673 phone number: 55-81-2126-8440  
fax number:  54-11-4953-7483 fax number:  55-81-2126-8442 
e-mail:  jtezon@conicet.gov.ar e-mail:  oscar@renami.com.br 
  
Australia Canada 
  
Michael Barber Pierre Charest 
Executive Director Director General 
CSIRO Science Planning Health Products and Food Branch 
Commonwealth Scientific & Industrial 
Research Organisation 

Office of Biotechnology and Science 
Health Canada 

CSIRO Corporate Executive Office Health Protection Building # 7 
PO Box 225 Tunney’s Pasture 
Dickson ACT 2602, Australia Ottawa, Ontario, Canada 
phone number: 61-2-6276-6184  K1A 0L2 
fax number:  61-2-6276-6389 phone number:  613-946-1513 
e-mail:  michael.barber@csiro.au fax: number   613-957-0362 

e-mail:  pierre_charest@hc.sc.gc.ca   
Austria  

Paul Dufour  
Senior Advisor, International Affairs Emmanuel Glenck 
Office of the National Science Advisor Head of Nanotechnology Unit 
85 Sparks Street Austrian Nano Initiative 
Ottawa, Canada Austrian Space Agency 
phone number: 613-236-6163 x 2166  Canovagasse 7 
fax number:  613-537-7748 A-1010 Vienna, Austria 
e-mail:  pdufour@pco-bcp.gc.ca phone number: 43-1-403-817727  
 fax number:  43-1-405-8228 
Peter Hackett  e-mail:  eglenck@asaspace.at 

 Vice-President, Research 
Belgium Life Sciences and Information Technology 

National Research Council Canada  
100 Sussex Drive Robert Mertens 
Ottawa, ON, Canada K1A 0R6 Vice President 
phone number:  613-993-9244 Interuniversity MicroElectronics Center 
fax number:  613-954-2066 Kapeldreef 75 
e-mail:  Peter.Hackett@nrc-cnrc.gc.ca 3001 Leuven, Belgium 
 phone number:  32-16-281-280 
 fax number:  32-16-281-501 

e-mail:  Robert.Mertens@imec.be  
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Czech Republic Janet Walden (observer) 
 Vice President, Research Partnerships 

Programs Vaclav Bouda 
Czech Technical University Natural Sciences and Engineering 

Research Council of Canada Faculty of Electrical Engineering 
Technicka 2 350 Albert Street 16607 Prague 6, Czech Republic Ottawa, K1A 1H5 phone number:  420-224-352-162 

Canada e-mail  bouda@feld.cvut.cz 
phone number:  613-996-1545  
fax number:  613-946-6371  European Union 
e-mail:  janet.walden@nserc.ca  
 Ezio Andreta 

Director of Industrial Technolgies China:  Taipei 
Research-Directorate General  
European Commission C.K. Lee 
Rue de la Loi, Wetstraat 20 Advisor 
B-1049 Brussels, Belgium Ministry of Education for Nanotechnology 
phone number: 32-2-296-0136  No. 1, Section 4, Roosevelt Road 
fax number:  32-2-295-0656 Taipei 106 (R.O.C.),  Taiwan 
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ATTACHMENT B: AGENDA 
 

AGENDA 
International Dialogue on Responsible 

Research and Development of Nanotechnology 
17-18 June 2004 

 
Holiday Inn Hotel and Suites 

625 First Street, Alexandria, Virginia, United States 
phone number +1-703-548-6300 | fax number +1-703-548-8032 

 
 

Meeting Purpose: To bring together governmental representatives from countries/regions 
with significant nanotechnology research and development programs to enter into an 
informal dialogue about how to best ensure such programs are carried out in a responsible 
manner. 
 
 
Meeting Objective: To share information and exchange ideas and points of view in an 
open and informal setting, and to discuss the role and potential means of international 
collaboration to address responsible development of nanotechnology. 
 
 
Wednesday, 16 June 2004 
 
Location Holiday Inn Hotel and Suites, Ballroom C 
 
18:00 –  Registration and Reception  
20:00 
 
18:30 Remarks by Phillip J. Bond, Under Secretary for Science and Technology, 

U.S. Department of Commerce 
 
Thursday, 17 June 2004 
 
Location Holiday Inn Hotel and Suites, Ballroom C and D 
 
7:30  Registration and Coffee 
 
8:30  Welcome and Introductions – Dr. Mihail Roco, Senior Advisor on 

Nanotechnology, National Science Foundation, Chair NSTC’s NSET 
 
8:40 Agenda Review – Timothy J. Mealey, Meridian Institute 
 
8:45 Opening Remarks – Dr. John Marburger, Director, Office of Science and 

Technology Policy, Executive Office of the President 
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9:15 Statements by Participants – An opportunity for one representative from 

each country/region to make a brief statement and describe to other 
participants: 

 
! The government programs and agencies in their country/region 

related to nanotechnology research and development as well as 
regulation of nanotechnology; 

! A general summary and estimate of the public and private sector 
investments in nanotechnology R&D in their country/region; 

! Their personal view on the key issues that need to be addressed in 
order to ensure that nanotechnology research and development is 
conducted in a responsible manner. 

 
10:30  Coffee Break  
 
10:45  Continue Statements by Participants 
 
12:00  Lunch Break 
 
13:00 Facilitated Open Dialogue to Identify Key Issues Regarding Responsible 

Research and Development of Nanotechnology – All Participants 
 
15:15 Afternoon Break 
 
15:45 Breakout Groups to Discuss Key Themes Regarding Responsible 

Nanotechnology Research and Development  
 

! Environment 
! Human Health and Safety 
! Socio-Economic and Ethical Issues 
! Nanotechnology in Developing Countries 

 
A description of these breakout groups is provided following the agenda. 
 

17:30 Adjourn for the Day 
 
19:00 Bus departs for Le Gaulois 
 
19:30  Group Dinner (no host) 

Le Gaulois, 1106 King Street, Alexandria, Virginia 
 

Dinner Remarks by Dr. Arden L. Bement, Jr., Acting Director, National 
Science Foundation 
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Friday, 18 June 2004 
 
Location Holiday Inn Hotel and Suites, Ballroom C and D 
  
8:00 Coffee 
 
8:30 Reports from the Breakout Groups 
 
9:10 General Reactions to Results of the Breakout Group Discussions 
 
9:30 Morning Break 
 
9:45 Breakout Groups – Each group will discuss how to ensure responsible 

nanotechnology research and development through appropriate action in 
the following areas: 

 
! Research 
! Regulatory Policy 
! Education and Training  
! Institutional Mechanisms for International Collaboration 

 
Participants return to the same breakout groups as on Day One.  Building 
on the results of the previous day’s discussions and taking into account the 
results of the other breakout groups, each group will be asked to discuss 
and identify priorities for research, regulatory policy, and education and 
training needs.  In addition, each group will be asked whether there is a 
need for greater international collaboration and cooperation and, if so, 
what institutional mechanisms or approaches might be appropriate. 

 
11:45 Reports from the Breakout Groups and General Reactions  
 
12:15 Review Outcomes of the Meeting 
 
12:45 Closing Remarks  
 
13:00 Adjourn 

36 
 



 

Description of Breakout Groups to Discuss Key Themes 
Regarding Responsible Nanotechnology R&D 

 
Environment 
 
This group will take a broad look at the potential benefits and risks to the environment 
associated with nanotechnology   For the purpose of this discussion, environment should 
be defined broadly to include air, water, land, and biological systems.  This group will 
focus on the following questions: 
 
a. What are the key potential benefits and risks to the environment from 

nanotechnology?  
b. Are these potential benefits and risks likely to emerge in the short-term (during 

the next 1-5 years) or the long-term (over 5 years)? 
c. What are some important actions that might be taken by the international 

community to maximize benefits and reduce risks? 
 
Human Health and Safety 
 
This group will take a broad look at the potential benefits and risks for human health and 
safety associated with nanotechnology.  For the purpose of this discussion, human health 
and safety should be defined broadly to include medical devices, pharmaceuticals, and 
worker and consumer exposure issues.  This group will focus on the following questions: 
 
a. What are the key potential benefits and risks to human health and safety from 

nanotechnology?  
b. Are these potential benefits and risks likely to emerge in the short-term (during 

the next 1-5 years) or the long-term (over 5 years)? 
c. What are some important actions that might be taken by the international 

community to enhance the benefits and reduce the risks? 
 
Socio-Economic and Ethical Issues 
 
This group will discuss socio-economic issues associated with nanotechnology, as well as 
ethical issues that may be raised in relation to nanotechnology R&D, with the 
understanding that ethical issues are rooted in cultural and historical perspectives that 
differ from region to region.  This group will focus on the following questions: 
 
a. What are some of the socio-economic and ethical issues associated with 

nanotechnology R&D? 
b. Does nanotechnology raise socio-economic and ethical issues that are different 

from those associated with other technologies, such as biotechnology or 
information technology?  If so, what are they? 

c. What actions might be taken to address, as needed and appropriate, these issues? 
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Nanotechnology in Developing Countries 
 
This group will examine and discuss whether nanotechnology presents challenges for 
developing countries, which are different than issues associated with other new 
technologies (e.g., biotechnology, information technology).  The discussion could, for 
example, discuss whether nanotechnology presents unique issues in regards to R&D 
capacity, infrastructure, regulatory development, etc.  Specifically, the group will focus 
on the following questions: 
 
a. What are the key issues for developing countries associated with nanotechnology 

R&D? 
b. Does nanotechnology raise issues for developing countries that are unique (i.e., 

issues that have not been seen with the introduction of other new technologies 
such as biotechnology)?   If so, what are they? 

c. What are some important actions that might be taken by the international 
community to address issues regarding nanotechnology that are unique to 
developing countries? 
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ATTACHMENT C:  OPENING COMMENTS BY DR. MIHAIL ROCO 

 
Introduction 

 
On the behalf of NSF, I would like to welcome you at the International Dialog on 
Responsible Nanotechnology R&D.   This is the first meeting of government 
representatives from over 25 countries dedicated to broad societal issues that cannot be 
addressed by any single country: How can we prepare our world for the emergence of 
nanotechnology? How can we use the opportunity?   And how can we play the role of our 
fair brokers in the society?  The time is right for this discussion. Worldwide government 
investments for research in nanotechnology have exceeded $3.5 billion in 2004, 
nanotechnology products are reaching the market, and concern about the societal 
implications of this new technology are being voiced with increasing frequency. These 
concerns must be answered to the public’s satisfaction.   

 
In one sense, of course, these concerns are very old.  Science and technology have been 
at the core of human endeavor for as long as we’ve been human.  Indeed, human potential 
and technological development are coevolving, and quality of life has increased 
tremendously with technological advancements.  However, since the antiquity, it has 
been a perception that technological developments are not friendly to human nature; 
maybe because of the transforming changes.  When the Greek God Prometheus taught 
humans to use fire and other tools, he also told them that this will bring an “an eternity of 
torture.”   
 
As old as these concerns are, however, they seem to have particular resonance when it 
comes to nanotechnology—not least because nanotechnology allows us to work at the 
very foundation of matter, the first level of organization for both living and manmade 
systems.  The potential benefits are large—and so are the potential risks.  For this reason, 
societal aspects need to be fully considered from the beginning. 
 
Moreover, those aspects need to be considered by humankind as a whole. 
Nanotechnology knowledge, markets and secondary implications do not have borders.  
This is a main reason that we are having this meeting.  We need to balance the promise of 
nanotechnology and the potential negative implications.  Nanotechnology is still at the 
beginning and this meeting has a unique opportunity to foster a right start.  We need to 
look to how we distribute the research funds to realize most and equitable results, how 
the nanotechnology may affect human capabilities, the convergence with other 
technology, what safety measure to take to address the EHS (Environment, health and 
safety) concerns, and how to promote international balances and exchanges.   
 
But this meeting is only a beginning.  I would like to propose a continuing contact 
through an “international consultative board for responsible nanotechnology”.   This 
activity may yield a set of principles, structured priorities, and mechanisms of interaction 
including sharing data on responsible R&D of nanotechnology. 
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This is an informal dialog, and we have high expectations that important ideas and 
connection for the worldwide development of the new technology will emerge.    I would 
like to encourage you to look for the broad picture.  The shorter-term concerns are EHS 
in research laboratories and production sites, and nomenclatures and standards.  At the 
same time, we should pay at least same attention to long-term aspects, such as respect to 
human right to welfare, integrity, dignity and health.  Another challenge is a balance and 
equitable nanotechnology R&D investment, and its integration with other fields of the 
economy.  Environmental protection and improvement, as well new energy sources, may 
lead to expanding the limits of sustainable development.  Responding and interacting 
with the public, with various countries of the international community and various 
organizations may be the ultimate test for the successful introduction of nanotechnology.   
 
It is an honor to have this distinguished group of experts advancing the frontiers of 
human knowledge here. 
 
Mike Roco   
Chair, U.S. National Science and Technology Council (NSTC)'s Subcommittee on Nanoscale Science, 
Engineering and Technology (NSET);  
Senior Advisor for Nanotechnology, National Science Foundation (NSF) 
 
Alexandria, 16 June 2004 
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ATTACHMENT D:  OPENING COMMENTS BY DR. JOHN MARBURGER 
 

John Marburger 
Director, Office of Science and Technology Policy 

Executive Office of the President 
 

International Dialogue on  
Responsible Research and Development of Nanotechnology 

Alexandria, VA | 17 June 2004 
 

 Good morning.  The title of this conference has three words that caught my 
attention. They are nanotechnology, responsible, and international.  I would like to say a 
few works about each. 
 
 Nanotechnology is a buzzword that means different things to different people.  I 
construe it very broadly to apply to a wide range of science and technology opportunities 
created by the ability to image, manipulate, and simulate matter at the atomic scale.  
Atomic diameters are a few tenths of a nanometer (billionth of a meter), and the very 
smallest things we can see with the unaided eye are a few thousand times bigger than 
this.  So within a little box just at the threshold of visibility we can pack about ten to a 
hundred billion atoms, which is enough to make many interesting structures, including 
most of the machinery of human cells, which have sizes of order 20,000 nanometers. 
 
 I like to illustrate the possibilities of nanotechnology with examples from biology 
because it is in the structures of life that nature has given us the most interesting 
demonstrations of the tremendous capabilities of very small scale objects.  Early visions 
of nanotechnology, such as Richard Feynman's famous 1959 talk "There's Plenty of 
Room at the Bottom", were inspired by examples from biology, and some of the most 
important developments in nanotechnology today are occurring at the interface between 
biological and inorganic systems.  The immense complexity of biological structures 
requires huge data processing power simply to store information about where all the 
atoms are, and retrieve it and visualize it for convenient analysis and simulation.  This 
explains why we speak of information technology, biotechnology, and nanotechnology as 
the convergent technologies. 
 
 Common usage today reserves the word nanotechnology for the realization of 
these capabilities at the smallest scale in non-biological systems, mostly to distinguish it 
from biotechnology.  The popular image is of scaled down robots with biological 
complexity made of the structural materials familiar at human scale such as metals, 
ceramics, etc.  It is not clear that such structures are physically possible, but in any case 
this is certainly not the main thrust of nanotechnology today.  The current emphasis is 
much more on large scale materials with nano-scale structures.  This is a branch of 
chemistry, and we would call it that if we did not have the flashy name "nanotechnology" 
to describe it.  It is not even a particularly new branch of chemistry – after all, chemistry 
since approximately the time of John Dalton (two hundred years ago) has been about the 
large scale manifestations of atomic scale phenomena.  Many naturally occurring 
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materials have nano-structure, and metallurgical processes reaching back to prehistoric 
times amount to empirical recipes for creating nano-structures within bulk material. 
 
 What distinguishes the new nanoscience from the old chemistry is the increased 
understanding and technical control of the role of nano-scale structure.   We are not 
talking about new materials here, but about new processes or new forms of old materials.   
This creates a challenge to regulators, because the toxicity of the new forms may differ 
substantially from older ones.  But neither the scale of the toxic agents nor the nature or 
mechanism of toxicities is necessarily new.  Chemists have been working for a long time 
with nano-scale colloids and aerosols, and regulators have a long history of dealing with 
the hazards of asbestos, which breaks into nano-particles, and other air-borne 
contaminants.  I believe the regulatory framework now in existence in the United States 
is broad enough to cover potential hazards from nano-materials, provided, of course, that 
the regulatory agencies do their job.  The proliferation of new types of material does 
create a need for new terminology and methods of classification and characterization, not 
only for regulatory purposes, but also to encourage the commercialization of new 
materials, processes, and applications. 
 
 These observations have a bearing on the issue of the responsible development of 
the new nano- capabilities.  It is important to keep in mind that the most exotic new nano-
materials are being produced in extremely small quantities under controlled laboratory 
conditions, and do not pose a threat to environmental or public health.  Non-biological 
materials require regulation when they are being produced on industrial scales.  
Biological materials require greater surveillance because of their ability to duplicate 
themselves or to invade organisms that can -- a feature that nano-entities do not now, and 
may never possess despite science fiction scenarios to the contrary.  Current research 
sponsored within the U.S. National Nanotechnology Initiative includes studies on health 
effects of nano-materials.  There is great danger of misrepresentation of the results of 
these studies because of the huge diversity of nano-materials and processes.  No such 
study applies to nano-materials in general.  Each health effects study is relevant only to 
the particular material under the particular circumstances of the clinical procedure in 
which it is examined. 
 
 Science fiction, some of it quite entertaining as literature, appears to be a major 
factor in the public perception of nanotechnology.  Unfortunately, the entire field 
acquired a cult-like following in the 1990's that includes many engineers and scientists 
who have personal visions about the revolutionary possibilities of nanotechnology.  
These visions are good for motivating work, but are not scientifically validated.  This is a 
relatively common phenomenon in science, whose function is to match grand dreams 
against the harsh reality of Nature.  We need dreams, visions -- and perhaps even fears -- 
in the first place to drive the arduous business of scientific investigation, but we may not 
assume their validity, nor should we act carelessly upon them as we plan to invest 
society's scarce resources. 
 
 The U.S. has taken pains to incorporate social, health, and environmental issues 
into its nanotechnology research planning almost from the beginning.  The recent 
legislation authorizing the nanotechnology initiative, The 21st Century Nanotechnology 
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Research and Development Act of 2003, includes provisions related to societal concerns 
about the responsible development and use of nanotechnology.  It requires, for example, 
that the program ensure "that ethical, legal, environmental, and other appropriate societal 
concerns, including the potential use of nanotechnology in enhancing human intelligence 
and in developing artificial intelligence which exceeds human capacity, are considered 
during the development of nanotechnology ..."  The bill also requires 1) the establishment 
of a research program on these issues, 2) that societal and ethical issues be integrated into 
all centers established by the program, and 3) that public input and outreach be integrated 
into the program.  A provision to set aside 5% of overall program funding to study 
societal and ethical issues was defeated during markup of the bill in the House Science 
Committee, but the proposal indicates how seriously Congress takes these issues.  The 
bill charges a Presidential Advisory Panel with determining and reporting bi-annually to 
the President whether social and ethical concerns are being "adequately addressed by the 
program."  The bill further requires two studies by the National Research Council, one on 
the technical feasibility of "molecular self-assembly for the manufacture of materials and 
devices at the molecular scale," and another on “the responsible development of 
nanotechnology.”  Finally, the bill requires a center focused specifically on societal and 
ethical issues of nanotechnology. 
 
 This is heavy machinery, and indicates an extraordinary level of interest in these 
issues within Congress.  The Act’s language also suggests specific areas of societal and 
ethical concern that will receive the most attention, at least in the immediate future.  My 
own view of these concerns is first, that they have to be taken seriously, and second, that 
the scientific community owes the public and Congress a clear and rational vision of 
nanotechnology that can lead to a productive engagement.   
 
 We should begin to construct that clear vision by distinguishing science from 
science fiction, and emphasizing the strong links of nanotechnology to things we already 
know a great deal about.  While the technologies enabled by atomic scale capabilities are 
revolutionary, they are not particularly new.  Nature has experimented with 
nanostructures since the earth began to cool four and a half billion years ago, and has 
blessed us with a rich legacy of examples to stimulate our imaginations.  These range 
from the microstructures of minerals to the intricate molecular mechanisms of life.  While 
it is now possible for us to manufacture structures that do not occur in nature, we are 
strongly guided by the immense variety of those that do occur.  Some of the most 
important applications of biotechnology are likely to be the tuning up of useful cellular 
machinery that Nature has not yet had time to evolve to its most efficient form.  We have 
been doing something similar for a century and a half with organic molecules -- dyes, for 
example, or synthetic fibers -- and Japanese metallurgists were inventing new 
microstructures over a much longer history to create edged tools and weapons of 
legendary quality.  They were not aware of the nanoscale origins of their products, but 
they were producing them just the same. 
 
 And throughout this long history, society has built up systematic ways of 
protecting itself against the undesirable consequences of these evolving technologies.  
During the past half century, in particular -- and as a direct result of growing scientific 
knowledge -- society has acted through its governmental machinery to establish 
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procedures to protect public and environmental health from new materials technology, 
whether biological, chemical, or radiological.  The 25 year old RAC process for example 
-- (RAC stands for "Recombinant DNA Advisory Committee") -- or a modified version 
of it recently proposed by an NRC committee chaired by MIT's Gerald Fink, is designed 
basically to address concerns about new nano-scale phenomena.  The Toxic Substances 
Control Act governing the manufacture and importation of potentially toxic chemicals 
originated at about the same time as the famous Asilomar Conference that recommended 
the RAC. 
 
 Congress clearly wants to know whether these mechanisms, or reasonable 
extensions of them, are adequate to respond to concerns about the products of 
nanotechnology.  It is clear that some such products are already covered by existing 
mechanisms.  Can we identify the manner in which new nanotechnology products differ 
from these older threats?  It is important that we do so.  I believe the differences are 
likely to occur in very well-defined areas, and that even in those cases the existing means 
for addressing threats they may pose to the environment or public health are likely to 
suffice with relatively little modification or extension. 
 
 Recognition of, and emphasis on, the continuity of nano-products with natural or 
older man-made substances may help us refocus public attention on the most likely short 
term issues. For many years, biotechnology will remain far ahead of nanotechnology in 
producing new entities of this sort, and I think it likely that the protective protocols 
developed for biotechnology will suffice for hazard control.  The ethical issues associated 
with human biological applications of nano-products are the same as with similar 
applications of "genetically engineered" bio-products.  I am not saying we have answered 
all ethical questions that are raised by such possibilities as sensory enhancement and 
protracted longevity promoted by these applications, but the idea that there are 
procedures already in place to deal with these new applications ought to be reassuring. 
 
 It is no wonder that developed nations are eager to produce and acquire the 
technologies that are being spawned by these new atomic scale capabilities, which brings 
me to the international aspect of today's meeting.  As far as I can tell, the science plans 
for every developed nation and the European Union have a strong "nano" focus.  The 
United States has been a world leader in the development of the underlying science 
infrastructure for the revolution, and the development of nanotechnology is today a 
national priority. 
 
 Funding for the NNI has more than doubled during the current Administration to 
about $1 billion, and supports research across ten federal agencies.  The Initiative is 
coordinated through an office established under OSTP and guided by an interagency 
Nanoscale Science, Engineering, and Technology (NSET) subcommittee of the National 
Science and Technology Council (NSTC), the S&T interagency coordination umbrella.  
Congress has asked the President to designate a high level oversight panel composed of 
non-governmental members, and PCAST, the President's Council of Advisors on Science 
and Technology, has agreed to take on that task if designated.  Last year PCAST 
identified a Technical Advisory Group of outstanding scientists and engineers to provide 
expert advice on nanotechnology issues.  NSET has established four subgroups to cover 
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current key areas in which it deemed special attention is desirable: Nanomaterials 
Environmental & Health Implications; Risk Assessment of Nanomaterials; Industry 
Liaison; Nanotechnology Standards Nomenclature Development.  With respect to this 
last activity, participating agencies have recently agreed to work with ANSI, the 
American National Standards Institute, to promote voluntary standards for nanomaterials. 
 
 The instrumental and computational infrastructure that provides the new nano-
scale capabilities have been built up with federal funding over decades, particularly in the 
Department of Energy multi-program laboratories, but with significant facilities also at 
the National Institute of Standards and Technology and NSF-funded university centers.  
They include electron microscopes, bright x-ray sources, nuclear magnetic resonance 
devices, mass spectrometers, scanning probe microscopes, and a variety of optical and 
infrared spectroscopic devices.  They also include the inexorably improving power of 
computation, communication, and data storage capabilities that we lump together under 
"Information Technology."  The development of information technology and its 
application to nanoscale technologies are today national priorities.   
 
 These areas are also R&D priorities for other developed nations, and I expect that 
the inexorable globalization of technology based economies will lead to many 
international partnerships and agreements.  If we are to realize the full potential of 
nanotechnology for our nations, and for the developing nations that can share its benefits, 
then we are going to have to agree particularly on standards and nomenclature, on issues 
of intellectual property protections, and on the need for responsible oversight and 
regulation of hazards that we may discover in these technologies.  None of these issues is 
new to nanotechnology, and consequently I am optimistic about the success of our 
collective venture. 
 
 Thank you for inviting me to speak today. 
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ATTACHMENT E:  WELCOME COMMENTS BY DR. ARDEN BEMENT, JR. 
 
Dr. Arden Bement 
International Dialogue on Responsible Research and Development of 
Nanotechnology 
17 June 2004 
Dinner remarks 
Le Gaulois, Alexandria, VA 
 
 Good evening, distinguished colleagues, and a very warm welcome to Alexandria 
and to Washington.  I know you have had a full day of dialogue about the connections 
between nanotechnology and society, so I will speak briefly, to suggest some context for 
ongoing discussion.  I am very pleased that our nations, which have led investment in this 
emerging field, are also taking up leadership in exploring the societal implications of this 
new technology.   

Our informal exchanges at this meeting can plant many seeds for collaboration.  
We may view each other to some degree as economic competitors in developing 
nanotechnology, but we all stand to benefit by exploring the societal implications 
together.  Our societies share the desire to develop this technology responsibly and with a 
global perspective.  None of us can do that task alone; international exchange is, far and 
away, the best way to ensure nanotechnology supports the common good—indeed, the 
only way. 

At the National Science Foundation, we began to consider the societal side of our 
nanotechnology investment early on.  You have probably already heard that about 11% of 
the funding for the U.S. National Nanotechnology Initiative this fiscal year  supports 
study of nanotechnology’s medical, environmental and other broader implications.   

At NSF, where social, physical and biological scientists are gathered under one 
roof, we can bring a rich confluence of perspectives to bear upon nanotechnology.  When 
those who speak languages of different science and engineering disciplines focus on a 
common problem, they begin to develop a joint vocabulary—building a basis for 
common understanding.   

When we fold in the study of societal implications at the very onset of research, 
we create a much greater range of choices about how to shape nanotechnology, including 
exploring the consequences of not developing this frontier field.  Understanding 
nanotechnology as it emerges brings the opportunity—to borrow a phrase from NSF 
social scientist Rachelle Hollander3--to consider “ethics in real time”; not beforehand or 
after-the-fact, but right as the science and technology are developing.    

 
• Among NSF-funded efforts to explore nanotechnology’s social 

implications is a “Nano Bank” being developed at the University of 
California-Los Angeles.  This set of data bases will “track in real time the 
flow of nanoscale science to commerce, and the related socioeconomic 
impact of commercialization of nanotechnology...”4    

In the short run, such a resource should be of interest to policy-makers, 
since it can help track the implications of a fast-evolving technology.  

                                                 
3 Senior Science Advisor, SBE, Div. of Social and Economic Sciences 
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Over the longer-term, Nano Bank can trace the impact of steady support 
for such innovation.  A resource offering insights on both time scales 
should be of interest not only in this country but potentially in 
collaboration with other nations. 

 
• Another example, from the University of Virginia, is a narrative to “get 

inside” nanotechnology “in its developmental infancy.”  Through in-depth 
interviews with nano-engineers and scientists at a range of institutions, 
nano-practitioners’ own narratives will frame the newly forming ethical 
issues and moral frameworks associated with the research.    

 
• Nano-education is another essential dimension of preparing for and 

shaping the applications and consequences of nanotechnology.  
Multidisciplinary teams at universities are creating comprehensive courses 
on nanotechnology for undergraduate and graduate students that cover the 
gamut—from principles to ethics to social change.  The idea is to equip a 
new generation not only to carry out nanotechnology research but to 
deeply appreciate its ramifications.   

 
Dialogue such as the one at this gathering, to address the future of 

nanotechnology in society, is a vital need, but we must also reach beyond our colleagues 
in science and engineering to engage the broader public.   Public trust, in fact, will be a 
key element in exploring the nanofrontier for the common good.  

One mechanism to promote public involvement in developing nanotechnology 
policy in this country is the “consensus conference,” a model to foster participation in 
technology policy that was developed in Denmark.  The potential of the Internet to offer 
similar participation in societal decisions about nanotechnology is also being explored. 
 In the spirit of popular wisdom which holds that “Timing is everything,” this is a 
well-timed juncture to share perspectives on the development of nanotechnology.  I look 
forward to hearing about the new connections made at this meeting, which I am confident 
will benefit us all.
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ATTACHMENT F:  QUESTIONNNAIRE RESPONSES AND BACKGROUND 
INFORMATION 
 
Meridian Institute sent each invitee a questionnaire that prompted invitees to provide 
information on the nanotechnology R&D programs and relevant laws and regulations in 
their country/region, as well as their personal views on key issues that should be 
addressed and international actions that could be taken to ensure the responsible R&D of 
nanotechnology.  Meeting participants from the following countries provided relevant 
information: 
 

• Argentina 
• Australia 
• Austria 
• Belgium 
• Brazil 
• Canada 
• China: Taipei 
• Czech Republic  
• European Union 
• France 
• Germany 
• India 
• Ireland 
• Israel 
• Italy 
• Japan 
• Korea 
• Mexico 
• The Netherlands 
• New Zealand 
• Romania 
• Russia 
• South Africa 
• Switzerland 
• United Kingdom 
• United States 

 
NOTE:   The content of meeting participant submissions is provided in separate 
document “Attachment_F_Responses_and_Background_Info”. 
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Environment |  Facilitator:  Rex Raimond 
Env Mordehai Cohen Embassy of Israel Israel 
Env Alison Downard University of Canterbury New Zealand 
Env Serge Hagege Embassy of France France 
Env Jurgen Hoeck TEMAS AG Switzerland 
Env Barbara Karn U.S. Environmental Protection Agency United States 
Env Hiroyuki Kobayashi Embassy of Japan Japan 
Env Bernd Kramer German Embassy Germany 
Env Philip Lippel National Science Foundation United States 
Env Elvio Mantovani Italian Centre for Nanotechnology Italy 
Env Robert Mertens Interuniversity MicroElectronics Center Belgium 
Env Julia Moore National Science Foundation United States 
Env Randal Richards The Engineering and Physical Sciences Research Council United Kingdom
Env Gwo-Dong Roam Environmental Protection Agency China: Taipei 
Env Masahiro Takemura National Institute for Materials Science Japan 
Env Renzo Tomellini European Commission European Union
Env Janet Walden Natural Sciences and Engineering Research Council of Canada Canada 
Env Kenichi Yanagi Government of Japan Japan 

ATTACHMENT G:  BREAKOUT GROUP ASSIGNMENTS 

 

 
 



 

 
Human Health and Safety | Facilitator:  Tim Mealey 
HHS Masafumi Ata Ministry of Economy, Trade and Industry Japan 
HHS Sergey Belyutin Embassy of the Russian Federation Russia 
HHS Pierre Charest Health Canada Canada 
HHS Kamal Kant Dwivedi Embassy of India India 
HHS Emmanuel Glenck Austrian Space Agency Austria 
HHS Geoffrey Holdridge National Nanotechnology Coordination Office United States 
HHS Rachelle Hollander National Science Foundation United States 
HHS Byung Sam Kang Republic of Korea Korea 
HHS Marina Koch-Krumrei DFG-German Research Foundation Germany 
HHS C.K. Lee Ministry of Education for Nanotechnology China: Taipei 
HHS Philippe Martin European Commission European Union 
HHS Andrew Maynard National Institute For Occupational Safety & Health United States 
HHS Wim Meijberg Biomade Technology The Netherlands 
HHS Stefan Michalowski Organization for Economic Co-operation and Development International Organization
HHS Volker Rieke BMBF Germany 
HHS Kazuharu Shimizu Office of the Prime Minister Japan 
HHS Mark Suskin National Science Foundation United States 
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Socio-Economic and Ethical Issues | Facilitator:  Michael Lesnick 
S-E&E Ezio Andreta European Commission European Union
S-E&E William Bainbridge National Science Foundation United States 
S-E&E Michael Barber Commonwealth Scientific & Industrial Research Organisation Australia 
S-E&E Yaw-Wan Chen Taipei Economic and Cultural Representative Office in the United States China:  Taipei 
S-E&E Paul Dufour Office of the National Science Advisor Canada 
S-E&E Jesus González CIATEQ Mexico 
S-E&E Jo-Won Lee The National Program for Terra-level Nanodevices Korea 
S-E&E Yukata Majima Ministry of Education, Culture, Sports, Science and Technology Japan 
S-E&E Oscar Malta Ministry of Science and Technology and Nanodevices Brazil 
S-E&E Pontsho Maruping Department of Science and Technology South Africa 
S-E&E Sergey Mazurenko Russian Federation Russia 
S-E&E Celia Merzbacher National Science and Technology Council United States 
S-E&E James Murday U.S. Navy United States 
S-E&E Mihail Roco National Science Foundation United States 
S-E&E Francoise Roure Ministry of Economy, Trade and Industry France 
S-E&E John Sargent U.S. Department Of Commerce United States 
S-E&E Toru Sato Ministry of Education, Culture, Sports, Science and Technology Japan 
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Nanotechnology in Developing Countries | Facilitator:  Todd Barker 
DevCo Marta Cehelsky Inter-American Development Bank International Organization
DevCo Vaclav Bouda Czech Technical University Czech Republic 
DevCo Alessandro Damiani European Commission Delegation European Union 
DevCo Dan Dascalu National Institute for Research and Development in Microtechnologies Romania 
DevCo Alastair Glass Science Foundation Ireland Ireland 
DevCo Peter Hackett National Research Council Canada Canada 
DevCo Hirotoshi Ikukawa Embassy of Japan Japan 
DevCo Walter Kelly U.S. Department of State United States 
DevCo Jose Lever CONACYT Mexico 
DevCo Christopher Rothfuss U.S. Department of State United States 
DevCo Manfred Scriba Council for Scientific and Industrial Research South Africa 
DevCo Jorge Tezon CONICET Argentina 
DevCo Lloyd Timberlake The Avina Foundation United States 
DevCo Michiharu Yamamoto New Energy and Industrial Technology Development Organization Japan 
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